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The present invention relates to actenu^r^rf 

for rh^i^ ^ . *=tenuaced microorganisms, to methods 

alT P"^-="n. to their use in the immunoprophylaxis of a. 
-nimal or a human, and to vaccines containing them. 

The principle behind vaccination or i-unoprophylaxis is to induce a. 
immune response i„ .n ani^l to a pathogenic organism hy innoculacio. 
V rh an attenuated strain of the organism thus providing protection 
against subsequent Challenge. In 1950 Bacon ^ (Br .J . Exp . Path 3" 

demonstrated that certain auxotrophic mutants of w^e 
attenuated in mice When compared to the parental strain. Certain 
tnese auxotrophic mutants have been proposed as being suitable" 
candidates for the basis of a whole cell vaccine. (See for example 
Hosxeth and ScoCer. 1981 ^. 238-239. and European patent 

publication 322.237). ^^^^^^^^ 

auxotrophic pathway, other loci have been identified where mutations 
result in attenuation of microorganisms. Examples of such loc- 
include regulons that exert pleiotrophic effects, e.g the cva/c-- 
system (Roy Curtiss III ,55-160. 1988) 'and thr^ 

system (Dormant. , J^prnn, . ^, 2136-2UO. 1989) and tr^ 

EnoP system (Fields ^ 4I. laie^ce Z^, 1059-1062. 1989). 

In many Bicroorganisms . between one and rw« h« 

one ana two dozen proteins are 

produced in response to a r«ge of different environmental s.ress.s 
such as high temperature, nutrient deprivation, toxic oxygen radical ^ 
and metabolic disruption. These represent part of the coordinated 
regulation of various different genes induced in response to the 
particular stress to which the microorganism is subjected. The fami^v 
of major stress proteins (also known as heat shock proteins) is 
a»ongstthe most highly conserved in nature. Substantial homologv 
exists amongst members of this family isolated from E.col/ 
'PP- - recent review see Neidhardt. G C & 

Van Bogelen. R.A. (1987) gs,h.r^ch1, ^ and Salmonella tvnhin,.^. ■ 
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a i 
shock 
be 



Cellular and Molecular Biology. F.C. Neidhardr er .1 eds p- 
133A.1345. A^nerican Society for Microbiology. Washington DC) Fo- 
example: Hsp90. Hsp70 and Hsp60 are heat shock proteins found in .V- 
proicaryocas and eukaryotes. A»ino acid sequence comparison betweer 
HSP90 from and that fro» man shows that approximately half the 

«ino.cid residues are identical. Other members of the stress 
protein family are CrpE. CroEL. DnaX. CroES. Lon and DnaJ. 

The genes encoding the family of heat shock proteins are transcribed 
by RKA polymerase co-operating with the c^^ factor, the product o- the 
XE2H gene (reviewed by Neidhardt. F.C. and van Bogelen. R.a. 1987 Ir 
^"^"^^^^^'^ ^ ^'^'^ ?vpMn,„rit,P: Cellular and Molecuia- 

Biology. Neidhardt. F.C. £t_al eds. pp. 1334-1345. American Societv 
for Microbiology. Washington. D.C.). Recently. Lipinska ^ 
( Nucleic ftr1H. p^<r . 1988 21, 10053-10067) have described a heat 
protein in referred to as HtrA. that appears to 

a -independent. Examination of the promoter region of the t^A gene 
shows DNA sequence homology with the P. 3 promoter of the xafiH gene- a 
promoter known CO be recognised by a^^a^"*) factor. This s^-miia—v 
suggests that the ht^A promoter may also be recognised by the ILSA 
polymerase-c7 (a )holoen2yme. 

Phenotypically, in L^j^, a mutation in the i^A locus abolishes the 
ability of bacterium to survive at temperatures above 42°C (Lipinska 
1989. J . Sggtp.rlnT . Ill, 1574-1584). The gene maps at 4 min on 
Che I^^ali chromosome and encodes a protein with a relative mulecula^ 
-ass (Mr) of 51.163. This protein precursor undergoes N- terminal 
processing involving the removal of a signal peptide sequence 
(Lipinska ££jl. 1988. Nucleic. Acids. Res. 21. 10053-10067). to yield 
ch. ..cure form of the polypeptide upon secretion through the 'inner 
membrane of the bacterium. Independently, the hSXA gene has beer, 
identified as by Strauch. K.L. and Beckwith. J. 1988 

( fToc.?Jat^frcaj , 5rT . USA 15. 1576-1580) who were examining E.^ol-: 
mutants with decreased protease activity, mutants were isolated 

by TnEiioA mutagenesis (Manoil. C. & Beckwith. J. 198:. 
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Pr<.c.B«l.Ac.d.Sci. USA S2. «129.!U3) „s . 

- „ - 

of the 'scrass-response' faaily. ^" " 

The present invention provides «r, 

-.u»o,„pH,i„.. : . riT ^-^ ... 

optionally being capable =f . "«ss . the mxcroorganisir. 

antigen. 'xpressxng DKA encoding a heterologous 

The aicroorganisos for use wich rh. ^ 

bacteria especially Cr^ preferably 

speciaily Cram-negative bacteria which inv.H» 
within eucaryotic cells «r.H i • S'^"'"' 

7«cic ceils and colonise the jouscosal surf^^o 
of these include aeabers of rK surface. Examples 

— :nrL^:,r^' 

. ..» Of foO. poi.O„i„, t„ KU„„,; ^.^i^i,^ ^rr^O 

«=l.a. ..l...o„, .„v.„io„, „ .„..«^,,o„ „„.,o„. 

function. Transposons can be deleted from th« = . u 

rroffl the host chromosomal DNA : 
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^^c..v.„. „ . ^.^^^^ ^^^^^ ^^^^^^ J - . 

h.., ^^^^^^ ^^^^ 

" «i=ro.r,.„i..; 
require, CO .„„iv., ; coxic„r.„ procein. (which .r. procucec - 

ZlZl" " ""^ " ^1-= 

.xud.c..,;.r ..cbclic di.napcion proc.in. („M=h .repro.ucei - 

1117" " ion .f=-.,ci„, 

.icroors.ni.„ .Mlicy c, „„..^uc.. vic„i„ or co-f.cco. l.v.,. 
•uch .s to disrupt ..cboli..) . 

Fr.f.r.bly . h.« .h.=. prot.i„ i, ch. .„cod.d w ch. t^. 

»" ouc 1„ Fig. 1. (sHd ID N,: 1) ,.l.o ch.r.cc„i,.d .s i^p, oche- 

protoi„, .„ .„cod.dby ,.n.s ^o^ cob. involved in the .cresi 

response such as ^nE, ^^L. tePA), jtaaK, iijES , s„c ens" 

There .re ..„y ocher proc.ins encoded b, ,.n.s vhich .re kno»n zTl. 

induced in r„po„s. co envir=ns,.nc.X .cress <Ro„„n ^ c.n 

5 9 581, ^^^^^^^^^ „nci,„.d:" 

L TI^f ""^ proc.»sci..csd.sn::i:.: 

m/ . ; Proc.N.cl.«.d.Sci. U5Ali, 7S50.7S5., 

1'86. R.lcz.r .nd «.g.ns.nik, Cell, ii. 785, 1,86): che stjoR/^j 
^r.. Of ^i., ^^^^^^^^^ depcivecion 

(Maklno , J.Mol.BIol. IIZ. 5«.55«, 1,86b,; ch. j^SA/^A 

.y.». of £^ which I. induced in respon.. co dyes s„d ocher coxlc 
coo^cund. (Albinsiji., j.Blol.ch^.. 1SI 4698, 1986; Ccurve- .1 
J.»i.l.Ch.». 242, «36.«72, 1985). An analogous svsc.. i, Rhi.oblu,. 
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xs ^B/d^D. Which is responsive co 4C-discarboxyUc acids (Rcnson 

J.Bacceriol. 131. 24.24 and Cell 42. 579-581. 1987). a virulent 

sysren. Of this has been described in This is che 

^A/^a system, which is induced in response to plane exudates (ie 
Roux^^.. EMBO J. i. 849.856. 1987; Scachel and 2a=bryski 
Aa.J.Vet.Res. 4^. 59-66.1986: Winans . .^atl . Acad.Sci' 

VS^,n.S27,, 1986). Similarly Che iv^Cfc^ sys«» in Bo.....n. 
EfilEAS^ (previously toown „ regulates the production of 

virulence detenninants in response to fluctuations in Mg2^ and 
nicotinic acid levels (Arico 1989. Proc.Natl.Acad.Sci. USA 86 

6671-6675). — ' 



For use in the fonn of a live vaccine, it clearly i=portan= that 
Che attenuated microorganism of the present invention does not reve^. 
back to the Virulent state. The probability of this happening vith . 
mutation in a single DNA sequence is considered to be small. However 
the risk of reversion occurring with a microorganism attenuated by the 
presence of mutations in each of two discrete DNA sequences. is 
considered to be insignificant. It is preferred therefore that the 
attenuation of the microorganism of the present invention is brought 
about by the presence of a mutation in the DNA sequence which encodes 
or which regulates the expression of DNA encoding, a protein that is 
produced in response to environmental stress and by the presence of a 
mutation in a second DNA sequence. For bacteria, the second DNA 
sequence preferably encodes an enzyme im^olved in an essential 
auxotrophic pathway or is a sequence whose product controls the 
regulation of osmotically responsive genes, i.e. sm^, (mfect and 
I««unl989 2136-2140). Most preferably, the mutation is in a DNA 
sequence imrolved in che aromatic amino acid biosvnthetic pathway 
more particularly the DNA sequences encoding aroA. s^C or aroD. (EP 
Publication Number 322237) . 

The accenuated microorganisms of the present invention are constructed 
by Che introduction of a mutation into the DNA sequence by irethods 
known to those skilled in che art (Maniatis. Molecular Cloning and 
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Laboratory Manual. 1982). Non-reverring durations can be generated bv 
intiroducing a hybrid craasposon TnEhoA into. for example'. 
S . rrPhlffitirlV^ srrains. TnahsA can generate enzyaatically active 
protein fusions of alkaline phosphatase to periplasaic or membrane 
proteins. The TnahaA cransposon carries a gene encoding kanaaycir. 
resistance. Transductants are selected that are kanaaycin resistant 
by growing colonies on an appropriate selection medium. 

Alternative methods include cloning the DNA sequence into a vector, 
eg. a plasaid or cosmid. inserting a selectable marker gene into the 
cloned DNA sequence. resulting in its inactivation. A piasmic 
carrying the inactivated DNA sequence and a different selectable 
marker can be introduced into the organism by knovn techniques 
(Maniatis. Molecular Cloning and Laboratory Manual . 1982). It is 
then possible by suitable selection to identify a mutant wherein the 
inactivated DNA sequence has recombined into the chromosome of the 
microorganism and the wild- type DNA sequence has been rendered 
non- functional in a process known as allelic exchange. In particular, 
the vector used is preferably unstable in the microorganism and will 
be spontaneously lost. The mutated DNA sequence on the plasnid and 
the wild- type DNA sequence may be exchanged by a genetic cross -over 
event. Additional methods eliminate the introduction of foreign DN.^ 
into vaccine strains at the site of mutations. 

The invention therefore provides a process for the production of an 
attenuated microorganism according to the invention which comprises 
introduction of a nutation in che DNA sequence of the microorganism 
which encodes. or which regulates expression of a DNA sequence 
encoding, a protein chat is produced in response to environmental 
stress, by either 



a) transposon mutagenesis; or 
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b) cransforaing the Bicroorgani.= wich a vector incorporating a 

DNA sequence encoding, or regulating the expression of a DN. 
sequence encoding, a protein that is produced in response -o 
environ»encal stress and which contains a non-reverting eutat^o-- 
and screening to select the desired microorganisms. 

The attenuated .icreorganisn, of the present invention is optxonallv 
capable of expressing a heterologous antigen. This expression is 
Ixkely to be «ore favourable in l^A mutants because of the increased 
stability of recombinant antigens associated with the de^P phenotype 
Such antigens »ay be viral, bacterial, protozoal or o- h/ghe- 
parasitic microorganisms. Such microorganisms mav then for± the 
basis or a bi- or mulcLvalent vaccine. Examples of useful an=i«ns 
include S^coU heat labile toxin B subunit (LT-B) . I^ccIi'kSS 
antigens. niBV (Foot and Mouth) peptides . Influenza viral proteins 
P. 69 protein fro. P-perrussi. . Other antigens which could be 
usefully expressed would be those from Chl ai^vd j a. flukes, avcoplasma. 
roundworms, tapeworms, rabies virus and rotavirus. 

A microorganism capable of expressing DNA encoding . heterologous 
antigen may be produced by transformation of the microorganism vith ar 
expression cassette. Expression cassettes will include DNA seouences 
in addition to that coding for the heterologous antieen. which v-r^ 
encode transcriptional and translational initiation and terminatior, 
sequences. The expression cassette may also include regulator-.- 
sequences. Such expression cassettes are well known in the art and it 
is well within the ability of rhe skilled man to construct them. The 
expression cassette may form part of a vector construct or a naturallv 
occurring plasmid. An example of a genetically engineered attenuated 
''^^^^ "P*ble of expressing a heterologous anrigen is 

described in EP publication 127.153. The expression cassette =>av 
also be engineered to allow the incorporation of the heterologous gene 
into the chromosome of the microorganism. 



I 
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c a 
acrenuarec 



A further bivalent vaccine comprisine an =rr 

capable of expre„i„, the I . , ^^^^^ 

disclosed b, Cle»epcs .JTTI^, . ^Z""""'''" ' 

iy21a. an accenuated S.tvnh^ strain k w 
express other antigens such as thf^lJ ! " 
(Formal ec al T«.P • lili££iia saimai forn I antigen 

r»al er_si.. Infection and Im^iry, JJa, 746-750. 1981). 

According to a furrhe?- x- 

vaccine which c " 
ccme which comprises an effective aaount o' an 

«icroorgani3„. preferably a bacteriu.. as her in / - 
Phannaceutically acceptable carrier. 

The vaccine is advantageously presented in a Ivophilised f 
example in a capsular .or., for oral ad^inist a ton 
such capsules .ay be provided wi.h an enter c ;!" : 
example Eudra.ate -S" Hudragate "L" C lu o 

ra? slh ^T—--^ "^^^^r- ^ 

"".titute!' pir^T^rL::: j^^^^^^^^ --^^^ - - 

Reconstitution is advantageously effected in a buf". a 
to ensure the viability of =h« ■ ^ suitable pH 

^ organisms. in order to protec 

attenuated bacteria and the vaccine fro. gastr.c acidi- 

™ate preparation is advantageously ad.inis.e red ■ efire 
ad.inistrat.on of the vaccine. Alternatively, che vac-^ne l- 
prepared for parenteral administration vac.me.., o 

intran,a»n,ary *»^nistration. intranasal administration o 



the 
sodiur; 
before each 
be 



The present invention also provides a ».rS«w * 

of a host (^.TTi. 1 , P"vides a method of prophylactic treatment 

nost (particularly a human host) with «r, 
— - nost; with an infection caused bv ,a 



f.=t=r.. incl„«„, 
v.ccine fon.ul.ced. Ho„,ve. f„ . ^ 
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<=o.prl.i„g rt. .<taI„i„rarion of lo' to lo^l 5 , ■ • 

Figure I.^DNa sequence o*" rK^ v.^^* 

of Che protein ic encodes. 

«bov. 42 C .nd oxyg.„ r.dU.l, 

~""o„ i„ ^ ^^^^^^^^^ ^^^^^^^ 

Exeapl^ ; 

ldentific«tion of the h^^* 

Sene...on ^rL^^f^ ^ an. 

THEhsA mutagenesis was used in the „ouse viruler- s-I. 
^^^^^ r i ^^ ^ «rain C5 (Miller L . " 

2758-2763^ u - • ^^^ecclaounol, 5?. 

& -ctenai ncttbrane. Isolation of the DMA , u • 

Che Tn^A insercion identifies the gene that has h ' 
activated Thi. * insercionallv 

I! H r:" 

l-bor.nory. Coid Spring Harbour, K.Y.; s.ng.r ,i 
Proc.N.a.Acd.Soi. USA 74, 5463-5467, . " 

orot.I,, ... 5463 5467). Conp.rnon of Che tr.nslac.d 

proroin ..,„.„o. ^^^^ ^^^^^^^ ^^^^^^ 
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surprisingly rhac it shared 88% homology with che sequence of the 
product from g.coy: (Fig.l. SEQ ID No: 1). 

Exanole 2 



Identification of I^a In ?.tT7>,ipur1,,Tn *s a gene involved in the 
scress -response 

Ulfiii mutants harbouring lesions in the ii^A gene are unable to grov 
at temperatures above A2°C. The S . rvT.h,-n..r,- mutant. Ou6. was 
tested for growth at elevated temperatures and was found to grow as 
well as the present strain C5 . However, when tested for sensitivitv 
to oxygen radicals, the mutant 046 showed decreased resistance as 
compared with the parent C5 strain clearly indicating that the gene is 
responsible (at least in part) for this aspect of the stress response 
(see Fig. 2) . 

Exaanle 3 

Comparison of attenuated Salaonella z-rvhi^^Ti..^ strain 046 with 
virulent parent strain $a;?ioneU? tTrghinmr-l«Tn C5 . 

The attenuated strains were constructed using Tn£hoA trar.sposor. 
mutagenesis as described previously (Miller et al . . 1989. Infecc. 
lamun. 12. 2758-2763). 

After oral administration the mutant strain 046 had a Loe LD 
greater than 9 cells as compared to the parental strain. C5 . which has 
* ^ho ^50 ''^ ^-38 cells. (All LD^^^ were calculated after 28 days). 
Thus 046 is highly attenuated. After i.v. administration 046 had' an 
i-v. LogjQ LD^Q of 5.13 cells compared to less than 10 cells for C5 
and we again conclude that 046 is highly attenuated compared to C5 . 
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rrofctlon ct ale. .ft.r ot.l ch.U.„,.. 

«c. ..r. o« „d challen,., 28 d.,« Uc.r with ^, 

.: r:.::r"r '^*"*"- 

weeKs atcer vaccination. The Loe LO 

e,n« ^ ^ , , ^10 "^50 inaunised animals was 9.64 

calls compared with 6 6 eell« . • . 

r; ^« o.o ceils for unimmunised controls tu ^ 

vaccinated orally with . controls. Thus, mice 

*Axy witft a single dose of 046 we-e u»n 
.gainst Virulent C5 challenge. protectee 

Example 5 

•■Id r.Ug.cin,. * drug r.siscan- mark.r v.s al^o - ■ . 

/v.„._„ . lacroducea into the 

"l.ctxo. for th. pr„„e. of th. o.l.t.d ... ' ! 

harbouring the deleted hrx. . pl«amii 
s , V. . tlllA gen. was introduced into a eoIa atra<- 

f'^'^"'":'" ^" Pl".id cannot repX^IIte T^.' 

oeen a recombination event between rh« c ^ u • 
..quences on the vector and the ho«nl« ? . ryph,n,.ri.rr 

Loss of .11. homologous regions on the chromosome. 

i^ Latest /r'"'"" "^'^"^"^"^ 

indicates a second homologous recombination event resulting in the 
replacement of the intact gene with the deleted one . Colonies 

resistant to kanamycin were isolated and checked for ampicillin 
resistance. One colony chat was Icanamycin resistant and ampicilli^ 
sensitive was selected for further study and was designated BRD698 
(deposited at PHLS. NCTC. 61 Colindale Avenue-. London NW9 5KT unde^ 
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Accession No on in accordance vith the ter,s of the 

Budapesr Treaty) . 

A P22 lysate was prepared on this strain by standard techniques 
(Dougan J.lnfect.Dts . ill. 1329-1335. 1988) and used to infect 

SU34^. Kanamycin resistant colonies were isolated and checked for 
the presence of the deletion by Southern hybridisation. One strain, 
designated BRD726 (deposited at PHLS under Accession No ...... . on 

- accordance vith the terms of the Budapest Treaty) was 

selected for further study. 

Exaffiple fi 

Construction of an g-mn^g«rl^m «£2A JmA double arutant 

The P22 lysate prepared on BIU)698 vas used to introduce "the kSSA 
deletion into an ? , PTPh jmurl um SL134A strain alreadv harbouring a 
deletion in sroA. The method for introducing an aroA deletion has 
already been described by Dougan ^ ^1. J . Infect . Dis . US, 1329-1335, 
1988. One strain that vas found to have deletions in both aroA and 
hSiA vas selected for further study and vas designated BRDSO? 

(deposited at PHLS under Accession No on in accordance 

with the terms of the Budapest Treaty). 

Eaaanle 7 

Coaparison of the attenuation of SL1344 li^A (BBJ5726) and SL134A IvcsA 
and C8RD807) with the virulent parent strain SL1344 

After oral administration BRD726 and BRD807 had Log^^^ LD^^s of >10.0 
cells compared to the virulent parent strain which has a Log^^ LD^^ of 
6.8 cells*. Both strains were therefore highly attenuated compared to 
the virulent parent strain SL1344. 

*all LD^qS were calculated after 28 days. 
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Example fi 

Assessaenc of oral var^-**,-* _ 

oral vaccine potential of aRD726 and BRD807 

BALB/c Bice were orally iaounised virh 10 
BRD726 and BRngOT with approxi»acely lo" cells of 

and BRD807 as previously described (Dougan et al J n- 
1329-1335. 1988) and challenged A and 10 weeks la... -k w 

Virulent parent strain SL134A. u> s were cal k 
Reed -nrt M V , 50* "^^^ calculated by the method of 

Reed and Muench (Aa.J.Hyg. 22.493.^97. 1934) aH d«r • • 
were carried our at least twice Mi. d^ennxnatxons 
BRD807 Showed excellent orot — ed with BRD726 and 

weeks the 1 P""ccion against challenge vi=h SL13^. a-. - 

weeks, the log^^ LD^^, ^ ^ ^^^^^ respectively. x,,- . 

compares with log 6 l cells pecwivei,. . inis 

lo. Tn , ''•I cells for unimaunised controls. a- 10 weeks 

^°Sio ^50^ f« SRD726 and BRD807 were 9 11 and 8 11 ti 
6.5 for SL1344. Thus the • ^"^^ "^1- c°=P-red c = 

long tenn i=» . "».unxsed with BRD726 had excellent 

long term immunity to virulent SL1344 challenge TM. 
favourably with protection elicited hv h k/ 

strains for BALB/c mice. vac.me 
Example 0 

UlJlsa ltln.tl=. Of BsBjjj „^ ^ ^^^^ 

.?::;"• -f ^ — 

r ■ 



SUBSTITUTE SHEET 



wo 91/15572 



PCT/GB91/0U4JU 



14 

Fotsulaclon 



An accenuaced oicroorganisa of the presenc invention is preferably 
presented in an oral tablet form. 



Core tablecs 



^^''^^^e-^dried excipienc carrier containing 70. C 

10' 10 attenuated bacteria. 



2. Silica dioxide (Aerosil 2O0) q 5 

3. Dipac (97% sucrose) 235.0 

4. Cross -linked Povidone (Kollidon CL) 7.0 



2.5 



5. Microcrystalline Cellulose 
(Avicel pH102) 

6. Magnesium Stearate 



7. Opadry Enteric. CY-P-7156 .350 
(Polyvinyl acetate phchalate + 
Diethylphthate) 

385.0 
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err... cnclnins 5% .ucro».. » 
c.s.t.n. i„ .„ „„„„ ^^^^^^^^ 

Ih. £r.....4ri.d „r„i.l M.nd.. .i.H *.ro,U 200 .h. m.„... 

.«cur. 1. .If... ^„„,, . ^^^^^^ 

»XP.= . KoUd^n CL. Ariel pH102 „d H.p,.,i^ s«.r.« l„ . ,u„<i.. 
Ihl. bl.„d 1. .o,.pr....d 1„„ cbUt, for .ub..,u.„ .„,„i, „„i„,; ' 



Ih. .«ir,d „„ .Ul .ppr.ci.„ Char .f 

for^X.rl.„ could b. r.pUo.d by f„„o.ion.Uy .,uiv.l...= 
ph«r».c.ucicall, .cc.pcabl. .xcipl.nts. 
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Claims 

1. Attenuated microorganism for use in iamunoprophylaxis ir. which 
the attenuation is brought about by the presence of a mutation ir. 
Che DNA sequence of the microorganisa which encodes, or which 
regulates the expression of DNA encoding a protein that is 
produced in response to environmental stress, the microorganisir. 
optionally being capable of expressing DNA encoding a 
heterologous antigen. 

2. Attenuated microorganism as claimed in claim 1, wherein the 
protein is selected from a heat shock protein, a nutrien.r 
deprivation protein, a toxic stress protein and a metabolic 
distress protein. 

3. Attenuated microorganism as claimed in claim 2, wherein the 
protein is a heat shock protein. 

A. Attenuated microorganism as claimed in claim 3. wherein the 
protein is encoded by the htrA gene. 



Attenuated microorganism as claimed inclain 1, 
mutation is a deletion or insertion mutation. 



wnerein the 



6. Attenuated microorganism as claimed in claim 1 wherein the 
microorganism is a bacterium. 

7. Attenuated microorganism as claimed in claim 6. wherein the 
bacterium is selected from the genera Salmonella Bordecella . 
Vib£i£, Haemophilus and Eseheriehia 

8. Attentuated microorganism as claimed in claim 7. wherein the 
Salmonella bacterium is selected from Salmonella t-^hi . 
SfllP9n?ll? ^h i avrl^iT^ , SalmonellA enteriri-ri,-c and Salmonella 
cholerasui c 
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sequence, ««tacion m a second DNA 

10. Actenuaced Microorganism as claimed cUi. , k 

-unacion in a second DNA sequence is in a DNA " 
in the aromacic amino acid Mos^checic pala,"'""" 

U. Acnanuated microorganism as claimed in claim 10 . 

sequence involved in the ' "^""i" =he DNA 

Avea in the aromatic amino acid k,-» 
selected from ^c. ^a and ^d. ^"^^^^-^^ P«Hwa, 

12. Attenuated microorganism as claimed in clai. 1 . • 
expressing DNA encoding a Heterologous ^^^^ ''''' 

13. vaccine comprising an effective amount of 
="roorganism. as claimed in any of , "'-n-^ted 

pharmaceutically acceptahl. • " ^ 

ii.y acceptable carrier therefor. 

1^- A vaccine as claimed in claim 13 adax^ted fo. . 

■ °"1 administration. 

A method Of prophylactic treatment of a host vi-h 
c^used hy a microorganism, .hich comprises alii s^er^.g^L"""^' 
- — -ve dose Of a vaccine as claimed in ;iTl3 

^^^^^ ::^---7?-- - 

sequence of the aie.„« «»utation in the DNA 

".p»n.. . .„..„_\:rr:: ::::::: ^ - 

a) transposon mutagenesis, or 

rl .1""""" " "^^-""^ »f 
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to environaencal stress and which contains a non-rever-ne 
mutation; and 

screening to select the desired aicrocrganisas . 
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